Methotrexate was developed as a cytostatic agent, but at low doses, it has shown potent anti-inflammatory activity. Previous studies have demonstrated that the anti-inflammatory effects of methotrexate are primarily mediated by the release of adenosine. This study was designed to investigate the effects of low-dose methotrexate in I/R-induced renal injury in rats.
INTRODUCTION
Acute kidney injury (AKI) caused by ischemia-reperfusion (I/R) injury is a common and important problem in both native kidneys and transplanted kidneys. The mortality during native kidney AKI is close to 50% in the intensive care unit, and AKI in early transplants leads to more rejections and worse long-term outcomes (Li et al., 2012) . Ischemia, can occur for a number of reasons, for example, with the use of vasoconstrictive drugs or radiocontrast agents; hypotension linked to sepsis or blood loss after surgery and trauma (Meinel et al., 2014) .
In ischemic acute kidney injury, hypoxic and anoxic cell injuries occur early during the ischemic phase, followed by inflammatory responses in the reperfusion phase. Renal ischemia reperfusion induces renal synthesis or activation of proinflammatory cytokines and chemokines, and recruits leukocytes into the post-ischemic kidneys (Jang & Rabb, 2009) . A number of processes have been implicated in the pathogenesis of ischemic kidney injury. These include generation of reactive oxygen species (ROS), depletion of adenosine triphosphate (ATP), neutrophil infiltration, phospholipase activation and accumulation of intracellular calcium (Takasaki et al., 1998; Bonventre, 2010; and Abdelkader et al., 2014) .
Methotrexate (MTX) is a folate analogue that was introduced in the clinical practice more than 50 years ago. It is currently one of the most widely used disease-modifying antirheumatic drugs (DMARDs) (Romano Danesi et al., 1999) . When used in high dose, MTX competitively inhibits the enzyme dihydrofolate reductase and prevents the formation of tetrahydrofolate which is necessary for purine and pyrimidine synthesis, so it has been used to treat oncological diseases (Sweetman, 2009 ). Low dose MTX has both immunosuppressive and anti-inflammatory properties resulting in inhibition of proliferation of lymphocytes, monocytesmacrophages and neutrophils. Also it enhances release of adenosine (Romano Danesi et al., 1999; and Montesinos et al., 2007) .
In fact, previous studies have concluded that both adenosine and immunosuppression protect the kidney from I/R injury (Okusa et al., 2001; Okusa, 2002; and Karaman et al., 2006) . Methotrexate has also been reported to limit infarct size and has shown a potent cardioprotective effect against I/R injury of the heart (Asanuma et al., 2004) . Moreover, MTX has been reported to protect spinal cord from I/R injury (Kertmen et al., 2013 ). There are no previous studies examining the protective effect of MTX in renal I/R injury. Based on these results, the purpose of this study was to evaluate whether MTX administration could protect the kidney from I/R injury in rats.
MATERIAL and METHODS Animals
Forty male albino rats, weighing 180-220 g, were obtained from the Faculty of Veterinary Medicine, Zagazig University, Egypt, and were randomly divided into four groups, with 8 rats in each group. The control group (group I, control) animals received normal saline without I/R procedure. The sham group (group II, sham( underwent right nephrectomy, but the left renal pedicle was not occluded. The animals in the I/R control group (group III, I/R) underwent right nephrectomy and, after 10 min of stabilization, 45 min of left renal ischemia followed by 6 h reperfusion. Methotrexate-treated ischemic group (group IV, MTX + I/R) animals were treated with MTX 15 min prior to ischemia and the rest of the protocol was the same as in group III. Levamisole-treated group (group V, LEV+MTX+I/R) animals were treated with LEV 30 min prior to ischemia and the rest of the protocol was the same as in group IV. Rats were housed in controlled light/ dark cycles of 12 h and allowed free access to water and rat chow.
Experimental procedure
On the experiment day, rats were fasted overnight. Rats were anesthetized with thiopental sodium (EPICO, 10th of Ramadan city. Egypt) (40 mg/kg) administered i.p. before the operation.Under anesthesia, a midline laparotomy was made and, using minimal dissection, bilateral renal blood vessels were isolated. Right nephrectomy was performed on all rats except group I. After 10 min of stabilization, the left renal pedicle was occluded for 45 min to induce ischemia and then subjected for 6 h of reperfusion (I/R groups [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] samples were stored at −80 C, until determination of renal function. The renal tissue samples were immediately stored at −80 C for subsequent biochemical analyses. On the day of analysis, the tissues were homogenized in physiologic saline and then centrifuged. All protocols were approved by Ethical Committee for Animal Handling, Faculty of Pharmacy, Zagazig University.
Serum creatinine and urea nitrogen analyses
Serum creatinine and blood urea nitrogen (BUN) levels was quantitatively determined by colorimetric method using the kit provided by Diamond diagnostic, Egypt according to the manufacturerʼs protocol.
Determination of malondialdhyde (MDA) content
MDA content in the kidney was determined as an indicator of lipid peroxidation using the kit provided by Diamond diagnostic, Egypt following the protocol described by (Ohkawa et al., 1979) .
Determination of reduced glutathione (GSH) content
GSH content was measured in kidney tissue using the kit provided by Biodiagnostic, Egypt following the protocol described by (Beutler et al., 1963) . The method is based on the reduction of 5,5' dithiobis (2-nitrobenzoic acid) (DTNB) with (GSH) to produce a yellow compound. The reduced chromogen is directly proportional to GSH concentration and its absorbance can be measured at 405 nm.
Determination of superoxide dismutase (SOD) activity
SOD activity was measured in renal tissue using the kit provided by Biodiagnostic, Egypt following the protocol described by (Nishikimi et al., 1972) . This assay relies on the ability of the enzyme to inhibit the phenazine methosulphatemediated reduction of nitro blue tetrazolium dye. Determination of tumor necrosis factor (TNF-α), monocyte chemoattractant protein (MCP-1), interleukin-10 (IL-10) contents and myeloperoxidase (MPO) activity TNF-α, MCP-1, IL-10 contents and MPO activity were measured using enzymelinked immunosorbent assay (ELISA) methods according to (Yan-Lian et al., 1994) .
Statistical analyses
Data were analyzed using computer based fitting program (Prism, Graphpad 5.). The results expressed as mean values ± SE were compared between groups using oneway analysis of variance (ANOVA). Differences were considered to be statistically significant when P < 0.05.
RESULTS

Serum creatinine and urea nitrogen analyses
Serum creatinine and urea levels were significantly elevated following I/R injury when compared to both sham operated and control groups (P < 0.05). Treatment with MTX significantly reduced both serum creatinine and urea levels when compared to I/R group and LEV/MTX group (P < 0.05) ( fig. 1, fig. 2 ).
Malondialdhyde analyses
Renal MDA content was significantly elevated following I/R injury when compared to both sham operated and control groups (P < 0.05). Treatment with MTX significantly reduced renal MDA content when compared to I/R group and LEV/MTX group (P < 0.05) ( fig. 3 ).
Antioxidant parameters analyses
Renal GSH content and SOD activity were significantly reduced following I/R injury when compared to both sham operated ISSN 1110-5089 Vol. 23, Issue. 2, pp, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and control groups (P < 0.05). Treatment with MTX showed a significant increase in renal GSH content and SOD activity when compared to I/R group and LEV/MTX group (P < 0.05) (fig. 4, fig. 5 ). Myeloperoxidase activity analyses MPO was significantly higher in the kidney tissue of I/R group than in the kidney tissue of both sham operated and control groups (P < 0.05). The rats in MTX group had significantly lower MPO activity than the rats in I/R group and LEV/MTX group (P < 0.05) (table 1). Cytokines and chemokines analyses A significant increase in TNF -α and MCP-1 contents, but a significant decrease in IL-10 content following I/R injury were observed when compared to both sham operated and control groups (P < 0.05). Treatment with MTX showed a significant decrease in TNF-α and MCP-1 contents, but a significant increase in IL-10 content when compared to I/R group and LEV/MTX group (P < 0.05) (table 1). 
DISCUSSION
Acute renal failure (ARF) is a common clinical problem with increasing incidence, serious consequences, unsatisfactory therapeutic options, and an enormous financial burden to society (Devarajan, 2006) . One of the most common causes of ARF is ischemia reperfusion injury which occurs when blood supply is interrupted in clinical situations such as kidney transplantation, partial nephrectomy and renal artery angioplasty (Chatauret et al., 2014). The pathophysiology of renal ischemia-reperfusion injury (RIRI) can be summarized by a primary energy deficit during ischemia and a secondary phase of oxidative stress and inflammation (Denecke & Tullius, 2014 ). In the current study, animals subjected to renal I/R demonstrated a significant increase in blood urea nitrogen and creatinine levels, confirming the occurrence of marked renal dysfunction.
Lipid peroxidation that occurs in cell membranes is one of the main pathophysiological mechanisms involved in I/R damage (Ivanov et al., 2014 Cong et al., 2013) . The results of the current study confirm that there is significant decrease in renal SOD activity and GSH content in ischemic groups and this is in accordance with previous reports (Bayrak et al., 2008; and Ozturk et al., 2014) . Pretreatment with methotrexate (MTX) prevented the renal I/R-induced lipid peroxidation and protected the kidneys from severe attenuation of antioxidant activity in rats exposed to the renal I/R. Furthermore, the renal functional damage was significantly improved by MTX.
Several methods have been used to define the role of neutrophils in reperfusion tissue injury. In neutrophils, MPO is stored in azurophilic granules and released during phagocytosis. Hypochlorous acid is produced largely from stimulated neutrophils by MPO (Yagmurca et al., 2004; and Kabasakal et al., 2004) . Results of the current study showed that renal I/R induced a significant increase in MPO activity. These results are in harmony with that of (Karaman et al., 2006; and Punuru et al., 2014) .
Pro-inflammatory cytokines as tumor necrosis factor alpha (TNF-α) and chemokines as monocyte chemoattractant protein-1 (MCP-1) play a pivotal role in renal I/R injury (Huen & Cantley, 2014) . TNF-α has been shown to be secreted at early stages of ischemia-reperfusion injuries and mediate the induction of other chemokines such as MCP-1 to attract leukocytes migrating to the inflammatory site which finally results in the inflammation (Tomasoni et al., 2000) . The compensatory anti-inflammatory response is a secondary immune response that is characterized by the production of anti-inflammatory cytokines, aimed at offsetting pro-inflammatory responses. Interleukin-10 (IL-10) is the most potent anti-inflammatory cytokine, and its release inhibits the production of TNF-α and IL-1β (Opal & Huber, 2000) . The results of this work demonstrated that TNF-α and MCP-1 contents were significantly increased, but IL-10 content was significantly decreased after renal I/R. These data are in agreement with the studies of Dong et al. (2007) ; and Collino et al. (2013) .
The current study revealed that MTX significantly reduced MPO activity in renal tissue. Thus, the observed decrease in MPO activity in response to MTX indicates a reduction in the number of neutrophils at the site of injury. This supports the existence of anti-inflammatory activity for MTX. These findings are in harmony with Kertmen et In conclusion, this study may suggest that acute administration of methotrexate would be helpful in clinical practice, for example, in reconstructive renal surgery and transplantation. Furthermore, new studies are needed to improve roles of methotrexate on ARF in both other animal models and in 
